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cixaline cells such &s sceoncary silver—-zinc or silver—

Larlier work resulted in materials whose use has externded cell-life
Sive-Told and prevented catastrophic shoriting cue to zine dendrite growih.
The best performance was exnibited by membrares composed chiefly of methyl
cellulcce and modified by variocus chemical or physical s to improve
electrolytic cornductivity, ary flexdipili ent progerties.
Several lines of apdrcach to furither impro ad rmethyl cellu~
jose films seened s1ff:cicatly prowdsin nal work in this
arca, rrogress in modificetion of meth; ribsd in the present
report,

A1so reported herein are further investigations of the provbrtlc ot
previously developed membranes, These include the effects of radiation, of
y
oy "eﬂt end of standing in a charged cell. The problem of frothing encounter-—
‘ n

"*matnylfce;lylose/PdL“4 combinations is discussed brief

Ylork has continued on diffusion of 51]v r througn experimental
rerbranes, using a rediotracer technicue. The relationship of silver dif-
fusion to membrane composi be presented in the Second Quarterly

<

Report,

imong new volymers of non-cellulosic structure, a co-azcervate of vinyl
wyridine and Dol yaC“vl*c acid wes prerared ard is beinz testeds The rossibil-
ity of Yhysicalliy medifying polyethylene fllms is being examined, Further
exploration in the area of new synthetic membranes will be a topic of the
Third CGuarterly Zegport.
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¥athyl cellulose-volyacid films nrepared with exbremely lov
resistences 3in LS RS 1A Ty ocosting tham o Liore Rulfered Lo 09 in ©h
resifeaniCes Ad P20 DWW 3 Cemrvails Laar ad VOLONS TuLielel To oAl (et
e T+ 4 s} IS v ey A R -3 -
ranie 3 to 6. At P above L hydroxramines like “du:Oﬁyp” e and tri-
L vt . LY SR NE S D s e 3 o LS RN
evhanolamine are more elfecuive tf. YopoTagssiun f‘;»r wdde in ol Tagy zct as
M oA s T S 3 - g, 4 v - 2 Py - 2 ~ Fad ke S 3 PR IR
Tlexibilizing azents for the dry film, making for superior faciliiy in handiing,

3 3G+ o of I+ oy _ 4
Addition of 107 trietharolemine to E2 Formulation (204 polyacrylii

acid; 8035 methyl cellulose) lowers resistance by 703, increases flexibility

by 3505, Addition of 107 iriethanolamine to C2 ro*mul tbion (205 1:1 copolyime:

of vinyl methyl e he” and maleic eniydride; 8C0F maleic anhydride) lowers resist-
ance by 83%, ircreases fle c+v111ty by 230,

Both hydroxypropylamine and triethanclamire are completely soluble

in 45% KCH znd have been shown 1o be extraciable under conditions of the
resistance test. The extractability is believed to be a factor in the lowered
resistance, ‘

Studies of salt addition.to methyl cellulose were extended to include
salts of hizher aliphztic acids and lower dibasic acids. Resistance lowering
appeared to be related to the amount of &cid funciion added, expressed as guld

equivalents per equivalent of methyl cellulcse monomer unite

~R d"
© o

A methyl cellulose film, equilibrated first KCH, then in 307
KOH, zave a resistance of 17.3 milliohms-in.2 on & 1.5 film as azainst
798 millionms~in.” when eqpil*brated directly in 3073 KO Accompanying the
resistance lowering, a uhlrtj~fold ircrease in the dl;fu51on rate of silver
occurred. ‘

Ly

n 15
mi

w 0

. Glycols and related hydroxylated materials reduced re
methyl cellulose and methyl cellul ose—nolyac1a films in some in
not as effectively as amines or orgenic acid salts.

sistance in
stances, but

rradiation by Cobalt 60 of a cell prepared with C3 separator

<resulted in a 244 lowering of the wet tensile strength. NASA has reported

that cellophane separators under the same conditions werc welded together.

constructed with C3 we
presured to be hydroze

&
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Gas evolution during charging of el
atcd to be neither 002 ner oxXysen 1

, ¥ Lo tra of celluvlosic surfactant
ot been confirmed.
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A film prepared by co~acervabion of poly L-vinyl pyridine and poly-

. s s . -~ AT I3 A . - .
acrylic acid showed low resistance in 30,8 KCH (9.9 millionns=in.2 and 1.5 mil
£iinm) and moderate resistence in 45 KOH (253 rilliohms=in.2). The silver dif=

s

or C3.

fusion rates were comparable to thnose found

Polyethylene films were treated with KCiH-extractable swelling
azents to reduce electrolytic resistance. Althouzh lowered by two to three
orders of magnitude, the resulting resistances were too high to be of prac-
tical interest.

A charged silver-cadmium cell prepared with C3 separator shorted
after three months stand time in tests at the Jet Propulsion Laboratory.
Examination of the separator showed no apparent loss in strenzth or mechanical
defects. However, silver was uniformly deposited in each of 5 wraps. The
separator from a silver-zinc cell which had undergone 85 cycles, on the con-
trary, showed high silver content next to the e“ect”ode and almost none in
the outer wrap. The relabtion of stand time failure to silver diffusion rate

is under continued study.



A. Yocdificotion of Methyl Cellulose—iolwecid Milme with Am

The acddition of orzanic emines to methyl celinlose-polracid cernnosi-
tions wes extensively explored during the third quericr ol
o

[ %]

2 arter ol the previous conilacte
The observed improvement in conductivivy could be aittributal
formebhion with the polyacid, to ernhancenent ol Dpolaws

extraction of the bulky awine by the cell liquid

s ade 33 A A 3 2 e 43 T e 3
interstices with conductive solution, It was th
s

- e Y - e Y 4
le severally O salv

v by toe awdne group or To

orzanic base with potassium hydroxide at level
degrees of salt formztion or bufferinzg. This was done by addi
ous solubion of the polymers sufficient of each base to bring the so
same pH (within 0,1 unit). The polymer composition selected for the experirent
was 33.3 (333 polyezcrylic acid, 67+ methyl cellulose) and the orgenic bzese vias
3-hydroxypropylamine.,

Data on electrolytic resistance of films swollen in L3535 K05 are swu~
marized in Table I. It appears that the organic base is more effective thon
KOH in lowering the resistance ab equal degrees of salv formation initislly in
the dry film, However, the decrease in resistance is about the same on a

weight percent basis regardless of whether the base is wdroxypropylarine or
KOH., as is evident from the plot in Figure 1. These facts strong suzzest

’ - & S SHS ot
that on equilibration with electrolyte the amine may be replaced by a2 rouznly

&8 equal weizht of KOH. Evidence for the extractablility of amine by electrolyte
will be presented below. .
. %\
i

oy,

(7




TiBI% I, - Comparison of i

a8
A L e AL b

- o .
Reference pi Dopoopt
(2) aCH Thickness

(mils)
; 421-113 2.8 o b 1.5 315 (20,
. 501,18 3.5 1.8 - 1.6 357 1229
504-16 5.0 3ok - 1.6 200 168
50,19 4ol - 5.3 1ok 134 1622
504-15 Lok 5.3 - 1.k 97 17547
504-23 Lol - BN 1ok 40 2757
509-17 5.1 10,8 - LT L7 232
50421, 5,0 - U 1.6 L 1958
504,-25 6.1 - 25,0 1.8 11 1311

(2) pH of a 10% aqueous solution of polymer mixture contzining 33 parts
by weight polyacrylic acid and 67 parts methyl cellulose, after ad-
dition of stated amount of vase.

(8) Weight percent of polymer solids.

(¢) Electrolytic resistance of film swollen in 45% KCH,

(¢) ASTYM Folding Endurance Test for Paper, Dé43-43; 200 z. tension on
film conditioned at 50 R.He
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41s0 inclu
that up to pi 4, KOH

1 >
dn sree.  when highe > b ar de exibilizes
re than KCH., This is also shown in Fizure 2 in which flex is plotted azainst
.el*hu—percenu of base., Wilth proportions above gix welzht~-percent, and up to
about 155, it is more advantageous to use hydroxypropylamine inziead of KOH
even thouzgh both bases resuit in the same low electrolytic resistance: in thi

S
concentration range KOH tends to embrittle the Iilm whereas hydroxypropylamine,
to the contrary, flexibilizes quite eificiently.

Experiments in which triethenolamine (TRA) was added at increasing
levels to B2 and C2 formulations are summarized in Table II, Formulation B2
is 20/ polyacrylic acid plus €0 methyl. cellulose. Formulation C2 is 203
1:1 copolymer of vinyl methyl ether and maleic annhydride, £0% methyl cellulose.
Figures 3 and 4 correspond to the experiments with B2 and C2 respectively. The
resistance decreases with increasing TEA in both cases. Substantial increases
in flexibility were effected at amine levels above about six percent.
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nid

Polyzers (o)

AeICrence

522-22 £2 0 2.3
522-27 B2 3 3.9
52228 B2 6 Lol
52229 B2 10 L5
52230 B2 20 5.3
522-24 c2 0 2.8 738 1.5 1,239 12,600 8
522-31 c2 3 3.4 s 1.9 1,32, 11,300 5
522-32 c2 6 3.8 216 1.4 1,623 10,070 6
522-33 c2 10 L1 12 1.3 2,838 T,L70 22
522-34 c2 20 5.7 291 L.k 13,850 4,870 27

(a) B2 is 20 parts by weizht polyacrylic acid plus €0 parts methyl cellulose.

and 80 parts methyl cellulose,

(v) ©pH of a 104 aqueous solution of polymer mixture afier addition of
stated amount of triethanolemine.

(c) 4STH Test D6L3-43, at 200 g. tension,

(d) 1 inch span 2 inches per minute,
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Under the conditicns used for testing film cencduetiviiyy, hydroxy-
propylamine (iPi) and triethanolamine ave essentizlily complebely removed Irom
the methyl cellulose~polyacid films while they are hein: equilibrated in &
large excess of azitated electrolyte soluticn prior to being introduced into
the conductivity cell., A4fter equilibration, blotted IiZrms rave shovm zero
rivrogen content by Kjeldzhl analysis. Complete extraciion has 2iso been

monsurated under conditions of no agitetion in a Petri dish with electrolyte/

de
filn ratio equal to 25,

The question arises as to how close these conditions of complete
extractability correspond to the conditions of the battery ceil, Wit
in mind, an experiment was made with initial ratio of electrolyte to film
equal to 6.3. This was accomplished by using two polyctihylene forms raving
the dimensions of electrodes, The forms were U-wrapped with five turns of

ct
WY
d-
<
P o
V)]

C24 film (C2 containing 105 HPA on polymer), packed tightly with polyethylene
shims into a battery cell and covered with 307 KOH. A4fier three davs, the

wrapped electroiyte forms were removed and unwrapped. The blotted film was
submitted to Kjeldahl analysis for nitrogen. An unsozked film of the saume
dimension was analyzed by the same method. The results indicated that only .
about 35% of the amine was extracted by the electrolyte, In cormercial cells
having lower electrolyte/film ratio, extraction might be still lower.

Depending on the degree of emphasis this type of {ilm receives in
future testing, further study should be made of the kinetics and equilibrium
involved in the partition of extractable amines between membrane and electrolyte
liquid.




B, lHodification of ¥athvl Cellulose Films with Salts of Crannic icids

Lyl cellulose
xtCl’l"’Q to
a wnoer of

The use of organic salts to medify the pro
wes initiated under the vrevious contract. Investi
cover the aliphatic series from formzte to hexanocat
dibasic salts. New results are sunmarized in Tab end ncy of
electrolytic resistance on the salt eqalv~10 1ts per methyl ccilu&ouc monomer
unit is illustrated in Figure 5. It is evident that the lower rexbers of the
homolozous series show a downward urend in resistance as the salt equivalent
is increased. ithin the zrecision limits of these experiments the dibasic
salts follow pretty ruch the same trend &s the monobasic salts,althoush the
dibasic salts appear on the graph to be just & little bit more effective.
Salts of the higher members cf the aliphatic series beginning with valerate
are poor in lowering resistance.

e 111,

J
.:
1
w O




Table III., - Hodification of Iethyl Cellulese with Pobassiws Salts

R of Crromdo dedds o —
Potassiua _ s . izc.hes. i"'ﬂ’J:..L;‘.l Nf':u;"’_!‘* Tuensile
Reference Szl1t Zouive/ 155 w0 Thicik= Ilex
Added on FC ZEauiv. G  wmilii- ness  Cyeles Zionge.
' ohms-in,2 mils polon M
¥onobagsic Aclids
L4L,9-115 ¥one 0 0 7250 . 1.50 5,355
53L~56 Propicnate 9.1  .152 515 (&) .45 5,234 8,0L0 L7
-57 n 15.2 .254 147 (&) 1.8 5,015 6,290 51
’ -58 " 30,2 510 50 (&) 1.9 12,230 3,500 57
534-91 Butyrate 4.3 214 226 (4) 1.4 5,154 - -
534-130 Valerate 13.7 .84 971 1.4 4,190 5,640 L7
534-129 u  (F)  27.4 372 4,00 1.5 6,917 6,790 32
534~132 Hexanoate 13.3 162 2410, 1.5 3,998 7,880 39
534-131 - " 26,6 W324 U435 1.6 4,530 5,640 47
Dibasic Acids
-l25  owm (F) 32,9 W57 21 1.6 2,735 3,830 36
§34-128  Suceinate  15.8 .32 66 1.5 3,487 6,620 43
~127 n. (F) 31.6 .b4 20 .6 1,508 4,000 34
482~140 Fumarate (F) 16.3 .33 32.9 1.8 3,51, 6,760 L0
~139 o (F) 32,6 .66 12.0 1.5 1,724 6,100 20
482-1/,2 lMaleate 16,3 .33 25.6 1.5 3,656 6,750 38

(L) Measurements in Shair cell, with less sensitive equipment than
Kelley Salkind Cell now used.

(F) Frosted out on standinz.
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C. lodification of lMethyl Crllulose Bv Pre-Swellins in 15% KCOH

As disclosed on p, 11 of the Final Report NAS 5-9107 the electro-
lytic resistance in 45% KOH of a methyl cellulose film was markedly lowered by
pre~swelling in 153 KOH, :

An improvement of similar order was found when the film, after pre-
swelling in 155, was equilibrated by three days stirring in a large excess of
30% KOH, as shown below:

Pre-Swollen in 15% Directly
KOH then Equilibrat- in
ed in 307 30% KOH
Swollen wt./orig.wt. 1.25 1.485
Resistance in 30% KOH milliohms—in.2 117.3 498
Silver diffusion rate, in arbitrary 8.2 0.24

transfer units to be defined in the
Second Quarterly Report.

As can be seen, the film was opened up not only to hydroxyl
ions but to silver ions as well. This will be discussed more fully in the
Third Quarterly Report. '




16.

D. bodification of Methyl Cellulose and Ilethv] Cellulose/Polvacids
With Glyecols and Related IMaterials

Several glycols were found to be compatible with methyl cellulose
and methyl cellulose~polyacid solutions, Compatible mixtures containing these
and related hydroxylated additives were cast to evaluate film properties. as
seen in Table IV resistance was lowered in some instances, but not as effectively
as in the case of amines,

Ethylene glycol, diethylene glycol, tetraethylene glycol and methyl
cellosolve were all found to be completely miscible with 307 and 453 KOH so
that it is possible to invoke extractability by the electrolyte as a factor

in the lowered resistance. Weight changes of the films in 45% KOH were as
shown below:

Ratio of Swollen VWeight
o Oripinal Weizht

MC 15 1.25
MC + 20% diethylene glycol 1.26
c2 | 1.52

C2 + 20% diethylene glycol 1.54




TABIE IV, - Effect of Glycols and Related Acdditives on Properties
of lethyl Cellulose lMerbranes

e S e PRy o o R T I T TR B S e D5 S AN

Cn liesist=
Polymers ance MIT Flex
Reference Base Polymers Additive % L5 KOH - 507 R.H.
milli-

ohms~in.,“ Mils Cycles

4,58-118 ¥C15 None - 6,080 1.5 = 3537
. C 522-114 ¥C15 Ethylene glycol 20 3,610 1.4 6747
522-115 MC15 Diethylene glycol 20 566 1.6 4170
522~116 ¥C15 ' Tetraethylene glycol 20 2,110 1.6 L96k -
522-117 MC15 Carbowax 300 20. 11,280 1.6 7Lk
522-118 ¥C15 Methyl Cellosolve 20 8,450 1.4 5972
522-123 c2 None - 3,020 15 186
522-130 c2 Diethylene glycol 10 236 1.6 1494
522-131 c2 n " 20 123 1.6 13
502-134 C2 +KOHto pH 4 v . " 10 151 1.3 2065
522-1351fTC2]*?KDHitb;pﬁfﬁl oo " 20 94 1.6 1326 .
522-133 B2 + KOH to pH & None . - 726 1.5 2957
522-136 B2 + KOH to pH 4 Diethylene glycol 10 590 1.6 2512
522-137 B2 + KOH to pH 4 " " 20 628 1.6 2139




™

While previously reported tests have shown thot C3 film is resist—
ant to degradation at 50° C, in the wet state, it appeared of interest to ex—
arine also its stability under the effect of dry heat,

The effect of exposure to dry neat of a C3 film was examined by
U-wrapping the film around polyethylene forms simulating electrodes and heating
at an average temperature of 57° C., for five hours, Just after its removal
from the oven the dry film was so brittle that it was craclked by a single bend.
On the other hand, when the assembly was re-equilibrated to the original condi-
tion (503 R.H.) employed in making flexural measurements the following values
were obtained:

Cycies
MIT Flex
Original Film (499-15, 1.5 mil £ilm) U5k
Re-equilibrated at 50% R,H., 23° C, -
(Straight section) - 701
(At bend) - 632

- It was concluded that under test conditions the chief effect was
to remove the 9% moisture which is normally present to plasticize the film

~at 50% R.H, and that the effect is reversible.
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Fo Lffect of Radiation on £3 Filn

Two sealed silver-zinc cells (Yardney) with C3 as avarators were

received from NASA for examination, Cne had been irn dlated with 1.18 x lO/
rads from a Cobali-60 source in an oven at temperatures Ifrom 4L0° to 55° C.

The other was a conirol which had been in the same oven durinz the test but
without irradiation, A corresponding two cells with cellophane separators
instead of C3 were likewise used for radiation and control in the HAS & test
and returned to larane“ for examination. NASA reports that the layers of
cellophare in the irradiated cell were very tightly ™welded" tozether and
tore vhen attemplt was made to separate them, so that strength could not be
determined, :

Both polystyrene cell-case and potting of the irradiated cell were
discolored to brown. The control cell appeared relatively unharzed. The
cells were carefully opened with the ald of a fine saw. The electrolyte was
removed Irom each cell and set aside in stoppered tubes for possible future
analysis for organic carbon. The CB membranes were unwrapped, cut into strips
for tensile tests and stored in 30% KOH until tested.

The films from both cells were visibly silvered. Their thickness
was less than the expected swollen thickness. The 436-13/ lot of C3 film
from which Yardney prepared the cells had average thickness 1.5 mils, which
swells in 304 KOH to 2.2 mils., Yet the irradiated and control cells yielded
material of thickness 1.6 and l.4 respectively. It is not clear to what extent
the discrepancy is attributable respectively to film erosion, or to reduced
swelling in the geometrical confines of the shim-modified cell,

Tensile tests are eborded in Table V., IDSPOCulon shows that elonga-
tion is significantly reduced by the irradiation to 4% instead of 264 for the

control. Averaze tensile strencth was reduced by irradiation from 1.59 x 103 psi

to 1.22 x 103 psi (% 0.20 x 103 psi, pooled standard dev1at10n) Statistical
analysis of variance, by F~test, indicates less than 3% chance that this dif-
ference could be due to random varlatlon.
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TABIE V. -  Effect of Irradiation on Tensile Propertics
of C3 Film ’
Virap Control (#19 Cell) Irradiated (7 Cell) .
37
ll;f.:)m Thickness ILbs. Tensile Elong. Thickness 1Lbs. Tensile Ilong.
Ac AVZ. to at Break Avg. to at Break
s ils Breakx psi % mils Break psi A
Electrode mi » %
5 1.60 1.615 1637 32 1.43 1,315 1557 7
L u 1.613 1703 33 " 817 966 3
3 " 1,603 1697 32 " 1.078 1277 3
2 u 1.493 1493 15 " 1,075 1067 3
1 u 1.346 1430 19 n Too weak to test

Avg.,  1.60  L.53% 1592 26 1.43  1.071 1217 &
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G. (235 Lvolubion in €G3 Cells
]

NASA has commmunicated privately that frothiny has been obgserved
during the charging of Burgess cells made with €3 separator. Ilectirical
equipsent and cells were loaned to CRL to pernit obscrvation of the behavior
of the celis during charzging. A battery of three cells was charged at
500 milliamperes for 24 hours. One of the cells was connected by capillary
to a water—filled U tube and the evolved gas collected during the first nine
hours of charze. Foeam was not sufficient to escaps as such out of the cell.
From the fourth to ninth hour 7 ml of gas was evolved, KOH and pyrogallol
were dissolved under nitrozen in the water leg opposite the gas and the thus
prepared oxygen-absorbing solution was magnetically stirred. There was no
shrinkage in volure or discoloration of the pyrogallol. The evolved gas,
therefore, could be neither CCp nor oxygen, a logical suspect. An attempt to
iznite the gas was unsuccessful. Its identity as hydrogen is, nevertheless,
suspectede It is unlikely that the gas could be a decomposition product of

C3e

It seemed pessible that a significant dilution of the electrolyte by
the acid of C3 could contribute to frothing by dissolving cellulosic material
of surface active properties. The degree of this dilution was calculated by
careful weighing of the separator of an unfilled cell and the 304 electrolyte
added to just cover the electrode assembly. The weights were respectively
10,0353 grams C3 film and 36.2 g. 304 KOH, From the acid content of PVIA
(30%) it was calculated that the average concentration of electrolyte at
equilibrium would be reduced to 24.8%. The concentration within the film
could be lower, depending on the exchange rate,

An obvious way of combating this dilution would be to pre-neutralize

the PVITA in the C3., Attempts to do this have been accompanied by marked changes

in the character of the film, Work in this area is continuing.
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He Shortins of Cells on Standin-

Shorting and loss of ampere hour capacity of cells employinz C3
membranes on standing three months or less in the charged condition has been
observed in silver-zinc cells ab NASA and in silver-cadmium cells by the Jet
Propulsion laboratory. The latter reported that the merbrane was excensively
silverad., One such self-discharged cell was disassembled for exemination,
Trie physical strength of the C3 wrap appeared to be good and no cracks in the
wrap were ncted. It was black of uniform shade from the Tirst wrap around the
electrode to the sixth wrap.

The second and fiith wraps were cut out, digested in concentrated
nitric acid and silver content determined by pouentlomeurlc titration with KI,
Results confirmed the visual observation that silver was distributed rather
uniformly throughout the separator,

For comparison a silver-zinc cell from NASA which had undergone over
80 cycles but had not been subjected to longz stand times was disassembled and
examined, Unlike the above the wraps close to the electrode were heavily silver=—
ed, with the silver usuvally decreasing in amount from the first to the sixth wrap
where mach of the surface was still transparent, showing silver only in spots.
The first and fifth wraps of the separator were digested and analyzed for silver
in the same way. Comparison is glven in Table VI,

TABIE VI. -~ Distribution of Silver on Separator Wraps

I

mz, Az/sq. in,

lst Wrap 2nd VWrap 5th lrap

Ag/Cd Cell - after 3 months stand time - 8eli5 7.82

Ag/in Cell ~ after 85 cycles 3.2 - 1.4

Results indicated that under the stand time condition silver migrates
throuzh the C3 developing to a "soft short', which leads to discharge. Under
conditions of charge and discharge, however, the separator appears to operate

atisfactorily in that each wrap performs in a serial removal of the silver.

Work in this area is continuing here and at NASA,
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~rsicnl Medificaticn of Polyethvlena Pilus

Je

Inasmuch as the addition of KCHi-exiractable substances Lo methyl
cellulose results in reduced electrolytic reosistance, tiie possibility susgested
itself that an analogous treatment of polyethylene mizht have similar results,

Two types of polyetnylene film were investizated
and an lonomer, Surlyn A 1601, These were chosen on the basls of compatibility
and swellability by phosphorus trichloride, the addiiive principally studied.
The packazing polyethylene was soluble in warm PClB. At room temperature it

LS
softered with no measurable increase in thickness., The Surlyn fiim was
measurably swollen at room temperature,

packazinz filn

N

After the soaking operation the films were given various after-
treatments to remove the solvent, as indicated in Table VII, It is evident
that drastic changes in resistance are indeed possible by this experimental
approach, the resistances in some cases are reduced to one-hundredth or one~
thousandth of the original resistance, However, the resistances are still too
hizn for the films to be of practical interest. Further modifications of

this approach may be more fruitful,
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LE3— N 6
136 PE none none Control 1.6 x 10
B 138 PE* PC14 6 hrs. 25° C. 10 deys soak 1.1 x 10%
ey in 45,7 KOH
140-1  PE® PCl;  6hrs, 36° C. 7 days scak 7.8 x 10%
e in 457 KO _ 5
140-2 P PC15 3 days 36° C. 3 days soak 1.7 x 10
in 45% KOd
145  Surlyn A1601%% none none Control 3.1 x lOéi
1,5-1 Surlyn 41601  PCls 2hrs. 25° C. 3 deys stir 6.2 x 10%
in_ L5% KCH
146-1 " PCl; 2k hvs. 25° C. 7 days sbir- 2.9 x 107
in 45% KCH
14 " PCl3 L hrs, 43° C, - dissolved
162 " PCl3 L hrs, 32° C. - disintegrated
522- . L
127-1 " : PC13 3 days 25° C. ice water, 3.1 x 10
L5% KOH 2L hrs.
127-2 " PC1, 3 days 25° C. ice water, he2 x 10%
L5% KOH 24 hrs,
483~ 5
L7-1 " toluene dioxane, water KOH 3 days 3.8 x 10
1,7~5 " Dioxane 75 min. 50° C. KOH 3 days 1.2 x 10°
PUDO Cellophane - - - 1,1 x 10 .
#* WBagzgie!, Colgate-Palmolive
A ) .
3% Boyertown Packaging Service - Acrylic lonomer



K. Polyvinyl_ Pyridina=Polxacid Co-scervate Films

Experiment showed that aqueous solutions of polyvinyl

pyridine hydrochloride and polyacrylic acid may be mixed to form a clear

homogencous soluticn., This is in contrast 1o what happens when alcoholic

solutions of polyvinyl pyridine and polyacrylic acid are mixed: in that

case the strong attraction between the basic and acidic polymers resulted

in immediate precipitation of a coacervate., Glear homogenecus films were
. prepared from the agueous soluticn by casting on glass and drying until
chloride-free, The dry films are so brittle thet direct removal from the
glass is extremely difficult. However, if the films are first soaked in
concentrated KCH they may be easily removed from the glass.

Proprietary preparations of both 4~-vinyl and 2-vinyl pyridine sus-
pension polymers were studied. The 1:1 copolymer of vinyl methyl ether and
maleic anhydride may be used instead of polyacrylic acid, Resistance measure-
ments and other properties are summarized in Table VIII,

The rate of silver diflusion was close to that of films made from
C3 and related methyl cellulose compositions., The vulnerability to oxidation
by silver oxide during the diffusion test was the lowest of all films tested.
Further reference to thls property'w1ll be rade in the Second Quarterly Report
under this contract,

Practical exploitation of this co-acervate approach would necessi-
tate research effort to improve flexibility and release properties without
impairing of the ‘desirable electrical performance and stability.
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TABLE VIII,

Co-icervate Films

- Propprtles of Polyvinyl Pyridine-Polyacid

26,

Sanple No.

- L82~ 574~ S5Th= 57~
127 99 110 97
Composition
Poly A-vinyl pyridine 1.00 1.00 1.00 -
Poly 2-vinyl pyridine - - - 1.00
Polyacrylic Acid (Acrysol A5) 1.00  0.75 - 1.00
PVIIA A - - 1.00 -
Resistance_in ohms—cms.
‘30% KOH 8.7 16,0 8.2 15.0
L5% KOH 280 490 154 409

Resistance after heating 33 days at 50° C
in electrolvte solution (ohm-cms

30% KOH _ | 6.7

45% KOH T 154
MIT Flex at 504 R, H., cycles - 90
Tensile St.rangth a*b 50,% R, H., psi 2950

Elongation at break, per cent : 6
Silver diffusion av. rate

% orig. hg per day 13.2
Silver reduced on film,

% orig., Ag per day 0.1%
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I, #ETHYL CrITULCSZE~POLYACTD FPITHS MODIFIED WITH AMTETS

¥ethyl cellulose~poly

acid films may be preparced with extremely
i esistances in 459 KOii by casting them from solutions tuflered to pH in

the range 3 to 6, At pH above 4 hydroxyamines like 3~hydroxypropylemine and
triethanolanine are rore effective than potassium hydrozide in that the <y act

le}:;b}.llzmg azents for the d“y film, moking for superior facility in

S
3

Addition of 1035 triethano l mine to B2 Formalation {205 nol‘;‘.cr flic
cid; €07 methyl cellulose) lowers resistance by 705, increases flexdbility
by 3305, Addition of 104 triethanclamine to C2 Forrmulation (205 1:1 copolymer
of vinyl methyl ether and meleic anhydricde; 804 maleic anhydride) lowers resist—
ance by 83%, increases flexibility by 2303. -

Both hydroxypropylamine and triethanolamine are completely soluble
in 45% XCH and have been shown 1o be extractable under conditions of the
resistence test. The extractability is believed to be a factor in the lowered
reslstance. :

II. ETHYL CELIULOSE FIINS MODIFIED WITH SALTS OF ORGANIC ACIDS

In éxtendinr' the study of this type of systen to include
hizher aliphatic acids and lower dibasic acids, resistance lowering was
found to be related to the acid equivalents added per methyl cellulose monomer |
u.nitc

IIT. METHYL CELLUICSE FIINS MODIFIED BY PRESWELLING JN DITUTE POTASSIU HYDROXIDE

A methyl cellulose film, eguilibrated first in 15% XOH, then
in 383 .5, gave a resistance of 17,3 i i1lohms—-in.2 on a 1.5 mil £ilm as
asainst 798 rullloh*s-ln.z waen equilibrated directly in 305 KOH. Accompany=—
inz the resistance lower.m,_,, a thlrtj-lold increase in the diffusion rate

o

¢f silver occurred,
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TTENMS OF NEW TEGINOLOGY  (CONTINUED)

Iv. ETHYL CRIIULOSE~POLYACTD FILES MODIFIED WITH GLYCOLS

Ethylene glycol, diethylene glycol, tetracthylene glycol, and
methyl cellosolve are all compatible with methyl cellulose and methyl cellu-
lose-polyacid solutions and good films may ve cast from these solutions, How-
ever, the glycols are not as effective as certain amines (like HPA or TEA) in
lowering the electrolytic resistance of the films in KOH,

V. RESISTANCE OF METHYT, CELIULOSE~POLYACID SEPARATOR TO IRRADIATION

A C3 separator recovered from a 31lver—z1nc cell irradiated by
Cobalt 60 had lost only 24% of its wet tensile strength. COﬂ@D)lthu of C3
is 303 1:1 copolymer of vinyl methyl ether and maleic anhydride; 70Z methyl
cellulose, NASA reports that cellophane separators under same exposure became
welded together,

3ty

VI, POLYVINYL PYRIDINE-POLYACID CO-ACERVATE FIINS

A co-acervate of poly(4-vinyl pyridine) and polyacrylic acid
may be prepared as a clear film by mixing aqueous solutions of the polyacid
and of the hydrochloride of the polyvinyl pyridine, casting the aqueous solu=~
tion on glass and drying until chloride free, ' The dried film is extremely
brittle but may be handled as a swollen film after soaking in concentrated
potassium hydroxide. ' The swollen film has relatively low resistance to
electrolytic current, fair retardation of silver ion dlffu31on and very low
vulnerability to chemical oxidation by silver oxide,
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Kindly replace Figures 3 and 4 by the corrected copics herewith

submitted.

Also make the following corrections:
On page 2, paragraph 2, line 4

Also | On paze 27, paragraph 2, line 4

_The

comPOSitiQp_of»Cz has 80% methyl celluvlose

(not maleic anhydride)




